Nowadays, instant messaging applications (apps) are one of the most popular applications for mobile devices with millions of active users. However, mobile devices present hardware and software characteristics and limitations compared with personal computers. Hence, to address the usability issues of mobile apps, a specific methodology must be conducted. This paper shows the findings from a systematic analysis of these applications on iOS mobile platform that was conducted to identify some usability issues in mobile applications for instant messaging. The overall process includes a Keystroke-Level Modeling and a Mobile Heuristic Evaluation. In the same trend, we propose a set of guidelines for improving the usability of these apps. Based on our findings, this analysis will help in the future to create more effective mobile applications for instant messaging.
Introduction
Mobile devices have become an essential tool in our daily lives [1] , to the point that the number of mobile users has been increasing more and more in recent years, from 640 million of Android and iOS active devices in 2012 [2] to 2,562 million of devices in 2016 [3] . So considerable is this increase that in the summer of 2016 Apple reported the sale of its billionth iPhone [4] . The increased use of mobile devices has led to a widespread diffusion of the number of applications (henceforth, called apps) available in mobile markets in recent years. For example, the Apple App Store reveals an increase in the number of available apps, from 1,200,000 (as of July 2014) to 2,200,000 (as of January 2017) [5, 6] . Among all those applications there are some for written communication that have become ubiquitous in contemporary society [7, 8] , such as instant messaging (so called IM apps), social networks, or email apps.
IM apps are the newest and most popular evolution of near-synchronous text technologies [9] [10] [11] ; thus, they are used to facilitate social relationships [12] and are one of the most widely used apps, since this type of app has become an alternative (usually free or cheaper) to the traditional SMS messages [8, 10, 13] . Since there are so many apps for the same purpose in the mobile markets, users have too many alternatives to choose and therefore they are quite critical about how an app works. Users like simplicity to complete tasks and ease of learning or less time consumption [14] [15] [16] , so they probably will choose the best app.
Mobile app developers find it difficult to determine, from target users, their needs and potential feedback in order to improve the apps [17, 18] . Thus, a good usability is the key to increase the chances of an app to be chosen by users among many others. Usability is a science that is responsible for studying the interaction between humans and computers (HCI) and has been defined by different organizations and researchers. International Organization for Standardization (ISO) defines usability as "the effectiveness, efficiency, and satisfaction with which specified users achieve specified goals in particular environments" [19] and Nielsen [20] defines it as "a quality attribute that measures the usability of user interfaces and the reference methods to improve ease of use during the design process." A poor usability is the main discontinuing factor from app usage [11, 17, 21] ; hence, it is important to study the usability in desktop applications, but it is even more important to address it in mobile apps because mobile devices are the first and most used electronic devices in the world [22, 23] with a large number of users [24] .
To this end, in this paper, we perform a systematic evaluation of mobile IM apps over the iOS platform to identify some usability issues. Particularly, given the lack of agreement on usability recommendations and difficulties to properly find them [25] , this paper is to provide a list of recommendations for improving the usability of these applications, in order to be applied within the development process [25] .
Mobile devices have some limitations when compared to personal computers (PCs) [26, 27] , such as small-sized screens, limited input mechanisms, low and expensive bandwidth (in some cases), battery life, and a wide variety of devices (including the diversity of hardware and operating systems). Hence, in order to ensure an appropriate usability assessment, mobile devices should be evaluated separately from PCs.
In order to cater for the usability evaluation in existing mobile apps in the online markets, Martin et al. [28] proposed a mechanism for systematic evaluations of mobile apps, which has been successfully applied in different fields, such as diabetes [29, 30] or spreadsheet [31] mobile apps. This evaluation consists of five steps:
(1) Identify all potentially relevant applications.
(2) Remove light or old versions of each application.
(3) Identify the primary operating functions and exclude all applications that do not offer this functionality. According to the agreed definition of usability, this step acts as a measure of effectiveness.
(4) Identify all secondary functionality.
(5) Construct tasks to test the main functionality using each of the methods below:
(a) Keystroke-Level Modeling (KLM) is used to estimate the time taken to complete each task to provide a measure of effectiveness of the applications [32, 33] . (b) Mobile Usability Heuristics (MUH) is used to identify more usability problems and measure user satisfaction.
As we discuss later in detail, this evaluation, considered as a laboratory experiment [34] , has some advantages [28, 29] , such as platform independence and flexibility [30] ; that is, it can be applied on different platforms (e.g., Android, iOS, and Windows Phone). Previous work applying this evaluation, including diabetes management apps [29, 30] and spreadsheet apps [31] , showed that the combination of KLM and MUH allows detecting a larger number of usability problems than when performed independently. KLM results showed significant variations depending mainly on the input method of the app. The main issues detected were related to privacy and security, error management, aesthetics, and learnability.
The paper is organized as follows. Section 2 shows the evaluation carried out and the results obtained in the systematic evaluation. In Section 3, we provide some discussions of the results. Finally, Section 4 draws some conclusions, while presenting the usability recommendations.
Evaluation and Results
Here, after having outlined the corresponding need to address the usability issues of instant messaging apps in mobile devices, we show the systematic evaluation carried out and the different results obtained in the steps. To do so, the iOS platform was used for the evaluation and an iPhone 4 was used in the last steps because the evaluation requires testing the applications in a real mobile device.
Overview of the Process. It is important to underline that the systematic evaluation is comprised of five steps. Firstly, in
Step 1, all potentially relevant apps are identified from the App Store (see Section 2.1). Consequently for the usability assessment, throughout Step 2, demos and old versions from the whole potential list of apps were discarded (see Section 2.2). A further aspect to be considered, in Step 3, concerns the identification of the main functionalities that characterize an IM app and, next, the exclusion of apps not offering these functionalities (see Section 2.3). With the aim of identifying secondary functionalities, in Step 4, all characterized IM apps are inspected (see Section 2.4). Finally, along with Step 5, the main functionalities are tested with two methodologies: the Keystroke-Level Modeling (KLM) to estimate time to complete tasks and the Mobile Usability Heuristics (MUH) to detect more usability problems with mobile experts (see Sections 2.5 and 2.6).
2.1.
Step 1: Identify All Potentially Relevant Applications. To begin with the systematic evaluation, in this first step potential and relevant applications available in the iOS App Store [35] are identified. Indeed, these apps will be used as input in further steps of the evaluation. In order to handle the broad diversity of available apps, and given the lack of an IM category in the store, it was necessary to delimit the sample data applying a proper search term. To do so, it was required to analyze the specifications provided by both the most popular and commercial messaging applications, for example, "WhasApp Messenger," "Telegram Messenger," and "LINE". Thus, the "instant messaging" term was used to search in the app market. All the preliminary data was crawled from the store in the fall of 2014. As a result, 243 applications were classified as potential applications.
A further aspect to be taken into consideration concerns the rating of the apps by the users. To this end, each app in the iOS market can be rated from a range of 1 to 5 (with midpoints), where a higher number means a better rating. Likewise, users can write a comment about their experience with the app. It is important to highlight that most (51%) of the applications found in the market had no rating or comments by users (Figure 1 ). To our best knowledge, this may be motivated because they were not well known and therefore they did not have many downloads or maybe because the app did not have an option or a reminder to rate it.
Step 2: Remove Light or Old Versions of Each Application.
In this step, the applications that were not fully functional were removed from the list of potential applications. Examples of such nonfully functional applications are demo, lite, or trial apps. The decision about which app to remove was based on the title and description of the app. Consequently, all apps' information sheets (i.e., the information provided in the App Store) were analyzed to determine whether or not an app was fully operational. In all, 20 applications (8%) were removed from the initial list of 243 potential apps. At the end of this step, 223 (potential) applications remained as input for the next step.
Step 3: Identify the Primary Operating Functions and Exclude All Applications That Do Not Offer This Functionality.
In this step, the main functionalities of this type of app were defined as the criteria against which to classify them. Briefly speaking, this characterization is applied to reduce the previous sample data as we only have apps devoted to this particular field, that is, Instant Messaging (IM). To this end, these definitions were made after analyzing the existing literature and reviewing the instant messaging applications discovered on the market from previous steps. Therefore, an application can be considered as instant messaging application when it meets all the main functionalities, which were defined as follows: According to Nardi et al. [36] , in IM apps "there is a single individual with whom users communicate, although some IM systems support multiparty chat," while Tomar and Kakkar [37] describe that "social messaging applications provide user with some very basic features like sending and receiving text messages," and Cui [38] reported that "when asked why they [IM users] began certain conversations at particular points, many interviewees could not give an answer other than <I suddenly wanted to do it.> [. . .] Spontaneous conversations covered a wide range of topics such as greetings, expressing moods, and sharing experiences, jokes, and gossip"; from this we could deduce that sending a message is an essential functionality.
(ii) Task 2 (T2): Read and Reply to an Incoming Message. Nardi et al. [36] say that in IM apps "the intended recipient may or may not answer," while Tomar and Kakkar [37] describe that "social messaging applications provide user with some very basic features like sending and receiving text messages," and Cui [38] added that in IM systems "general information exchange served the checking-in function. People would only be alerted when they had not received any response from the other party for a long time"; then we could conclude that the second functionality can be reading and replying to an incoming message.
(iii) Task 3 (T3): Add a Contact. Most IM applications provide information about the presence of other users [36] , for example, showing a list of contacts, which users can use to choose the receiver of their messages. Moreover, IM communications are mainly established on purpose with specific people [38] . Therefore, the application should allow adding new contacts to that list, because otherwise the messages could only be sent always to the same people.
(iv) Task 4 (T4): Delete/Block a Contact. With respect to ensuring privacy [9] and security, the user should be able to delete internal contacts of the application. However, this is not always possible, for example, because the application accesses the internal agenda of the device. In this case, it should provide at least a blocking-contact feature [37, 39] .
(v) Task 5 (T5): Delete Chats. Deleting messages or full conversations is also important because sometimes the users want to clean the text on the screen or just to save some memory space on their device [40, 41] .
We would like to underline that, during the execution of this step, some usability issues were detected in the apps. As an example of this issues, if the session is closed (i.e., the user manually logs out from the system), the "Life360" app continually shows notifications to force the user to reconnect (Figure 2) . Furthermore, if the app is recommended to the user's friends (i.e., friends who are invited to use the app using an option of the app), it continuously sends emails to the In grey, discarded applications. In white, the applications that will be used in later steps. friends until they accept or the user deletes the invitation. Along with this, an additional issue is found because those emails are detected as spam by most email service providers.
Once the main functionalities were detected and defined, the applications that did not meet all these requirements were discarded. Naturally, the availability of each of the aforementioned functions was checked on all the applications individually. As a result, only 39 (18%) applications met the five main functions to be considered as IM applications. However, it is important to note that some applications did not meet all the main functionalities but met three (17%) or four (4%) of them ( Figure 3 ). The main reason is, to our best knowledge, that most applications in these groups were subapplications of social networks in which managing contacts was not possible; that is, the applications were not completely autonomous and they depended on another software.
At the end of this step, 39 (fully IM) applications remained as input for the next step.
2.4.
Step 4: Identify All Secondary Functionality. In this step, the secondary functionalities of this type of app are identified. In short, we define secondary functionalities as all other functionalities apart from main functionalities defined in the previous step. It is important to bear in mind that, although this step does not remove applications from the evaluation, this identification of secondary functionality allows detecting other additional functionalities of these applications, reinforcing the knowledge we could obtain, in this field, from IM apps.
Therefore, in this step, it was necessary to manually test all apps to discover all existing features. The 39 applications resulting after the previous step (Step 3) were installed on the iPhone device and they were tested in depth. Nevertheless, 11 of these applications were automatically discarded from the whole evaluation because they crashed and they run anomaly with critical errors. Hence, only 28 applications (Table 1) were completely examined for discovering the secondary functionalities of instant messaging in mobile devices.
Based on the findings, the most common secondary functionalities implemented in the analyzed applications were (1) including a user profile avatar, (2) sending pictures, (3) sending videos, and (4) group chats. All secondary functionalities and their level of use in the applications are depicted in Figure 4 .
At the end of this step, 28 IM applications remained as input for the following step, where the usability tests begin and the usability assessment is performed.
Step 5(A): Keystroke-Level
Modeling. This step is to provide the results of the KLM method on the remaining list of IM apps (i.e., 28 apps in total). Even though the apps were installed and tested in the previous step, at this time we have to ensure their accurate performance in the actual device (iPhone 4). How to leverage the KLM method is quite simple. To do so, we have to count the number of interactions required to perform each of the main functionalities established previously (see Step 3) . Such a procedure is explained as follows. We start counting once the app is opened (i.e., loaded). We have to count all interactions (e.g., screen touch, slide, scroll, and pushing hardware buttons) required to accomplish the given functionality. The counting procedure finishes as soon as the functionality is completed. Since KLM was originally designed to be used with computer elements (i.e., keyboard and mouse interactions), counting mobile interactions may be constrained by these previously defined interactions. To overcome this, this KLM evaluation applies mobile alike interactions (e.g., button press, tap, or swipe), similar to those defined in TLM [42] , a KLM variant for touchscreen devices. It is worth highlighting that keyboard interactions (i.e., introducing letters) count as a unique interaction. By doing so, results are normalized and are easier to analyze. As seen in previous studies [43] , this evaluation method is relevant because the interactions in a mobile device are, in some cases, limited and uncomfortable. Table 1 shows the results of the KLM analysis. As a result of this analysis, it could be observed that the minimum number of interactions for completing all tasks (computed as aggregation) was 21 (in the form of "Surespot encrypted messenger" app) and the maximum was 39 interactions ("Spotbros" app). In this regard, this difference is because all tasks, individually, required more interactions in the latter than in the former. Figure 5 , Keek (with 9 interactions) and Snapchat (with 10 interactions) are outliers. This could be produced because Keek requires recording a short video and Snapchat requires taking a photo (and, optionally, adding a message) to start a new chat.
Task 2:
Reply an Incoming Message. Our measurements from examining the number of interactions when answering a given message show us that all analyzed apps required between 4 and 6 interactions (the exception was found in Spotbros, which required 8 interactions). Consequently, this similarity in the number of interactions is because almost all applications have a section in which the active chats are grouped. As aforementioned, Spotbros had atypical number of interactions because it required more navigation steps to answer a chat. This was because the individual chats were showed after a button was pressed to display the active chats.
Task 3: Adding a Contact. In order to address the results of this functionality, we assert that most variations, in number of required interactions, were observed in this task, as depicted in Figure 5 . Thereby, we found apps from 3 interactions (Surespot encrypted messenger) to 10 interactions (Tuenti and Spotbros). To elaborate, this could be produced because some applications (specifically, 11 out of all apps analyzed) used the internal agenda of the mobile device, while other apps used their own contact list, causing alternative implementations of this process. Even if they used an alternative agenda/procedure, some applications required more information to register a contact than the average (some of them only required a username, while others required a name and a phone number).
To go further on this point, we have observed that some applications required a very high number of keystrokes for adding a contact when we compared it with others or even when compared with the average value ( Figure 5 ). Examples of this are Tuenti, Spotbros (both apps with 10 required interactions), or Keek (with 9 interactions). Particularly, these apps are characterized by being social networks in which public chats are common and, in addition, in which adding contacts becomes a poorly intuitive operation. To be more specific, GroupMe (with 9 interactions) only allowed adding contacts in the process of creating chat rooms (i.e., new contacts could be added when choosing the chat members). As a final note on adding a contact, we should highlight the applications with less number of interactions required to complete the task: Surespot encrypted messenger (with 3 interactions) and iTorChat and HushHushApp (both apps with 4 interactions). These apps achieve these lower values by only using usernames as required information to add a new contact. Thus, the process of adding contacts becomes a quite short task.
Task 4: Delete/Block a Contact.
The results show that most of the analyzed applications required a number of interactions between 5 and 7 in order to delete/block a contact from the system. On the basis of the presented results, we may conclude that all apps used the same (or very similar) method to remove a contact from the internal system and, therefore, no major deviations were found.
Task 5: Delete a Chat. After the analysis of the results, most of the examined apps required from 4 to 6 keystrokes to complete this task. As we have already pointed out in the previous task, the reason of the similarities in the number of interactions is due to the widespread use of a similar method in the majority of the apps.
For the next step (i.e., the Heuristic Evaluation), not all apps were selected to continue in the process. To further understand this, as seen in previous studies of Flood et al. [29] [30] [31] , the four applications with fewer interactions were selected for the next step. However, our KLM results present multiple apps with the same total number of interactions. In this case, applications with the same number of interactions were considered as one in order to avoid the challenge of choosing one from various apps. Hence, 7 applications (i.e., the 4 lowest values from the KLM results) were selected: Surespot (21 interactions), Hike Messenger and HushHushApp (24 interactions), Kik Messenger, Hiapp Messenger and Touch (the three with 26 interactions), and WhatsApp Messenger (27 interactions).
2.6.
Step 5(B): Mobile Heuristic Evaluation. At this point, the final step of the evaluation, the mobile usability evaluation using heuristics was performed (i.e., the Mobile Heuristic Evaluation). To this end, six mobile experts carried out the evaluation with the 7 applications selected in the previous step (i.e., the KLM evaluation). Based on the previous experimental results of Bastien [44] and Hwang and Salvendy [45], 5 to 10 evaluators participating in the MHE evaluation are enough to detect, at least, 80% of the usability issues in a given software. As the common setting of the Mobile Heuristic Evaluation (MHE), which is described in detail in [26] , this method is based on a study in which each mobile expert analyzes a series of usability guidelines for each application, which includes indicators about usability features of the application that the expert has to evaluate if the application incorporates it or not. Briefly speaking, the participants of this step were characterized as follows: 6 evaluators (aged between 18 and 24 years with, at least, a Bachelor's Degree), all of them mobile experts with more than three years of background experience with smartphones and applications. It is worth highlighting that 3 of them stated that they had never used an iOS device and the rest said that they often used an iOS device.
Previous to heuristics evaluation, experts were asked to perform a series of tasks to familiarize themselves with the application. These tasks were as follows: add a contact, send a message to a contact, reply messages, delete conversations, and try to (re)configure the app, in other words, trying to become familiar with the interface and navigation of the app. It should be noted that the experts did not have problems or disagreements during the execution of the interview. Experts were also encouraged to comment out what were their inusage impressions. Also note that they were not time-limited to evaluate the apps.
The eight heuristics used were, as described in [26] , the following: A (visibility of system status and losability/findability of the mobile device), B (match between system and the real world), C (consistency and mapping), D (good ergonomics and minimalist design), E (ease of input, screen readability, and glancability), F (flexibility, efficiency of use, and personalization), G (aesthetic, privacy, and social conventions), and H (realistic error management).
To go further on this point, the directives (i.e., the heuristics) to evaluate apps consist of eight sections (one section per heuristic), in which experts evaluate a number of indicators (also called subheuristics) about the usability of the application. Thus, the evaluators express their opinion within a numeric value from a range of 0 to 4, which is known as Nielsen's five-point Severity Ranking Scale [19] , which is structured as follows: 0 to indicate that there is no problem, 1 to indicate a cosmetic problem, 2 to indicate a minor problem, 3 to indicate a major problem, and 4 to indicate a catastrophic problem. In addition, they also have to justify the scores by commenting their impression about each topic.
As an example, these are some of the subheuristics that were analyzed: "A4:
the previously logged data and personal settings can be recovered if the device is lost," "B1: the information appears in a natural and logical order," "C2: there are not any objects on the interface that you would not expect to see," "D1: the screens are well designed and clear," "E2: it is easy to see what the information on each screen means," "F1:
the user can personalize the system sufficiently," "G2: there are suitable provisions for security and privacy," or "H1: users can recover from errors easily," among others. Table 2 shows the results of the Heuristic Evaluation. The values of a particular heuristic (each app' row) were obtained by averaging the user rating for all subheuristics. The last column on the right contains the aggregation of the values of all heuristics (calculated as the sum of the columns' value for each app), individually. As a result, in the bottom row, the average scores for each heuristic were calculated. Therefore, based on the results, the applications with lower values are better in terms of usability. It should be highlighted that applications with lower values (i.e., more usable applications) had mostly cosmetic problems or no problems. On the other hand, applications with higher values had mainly minor and major problems. Such problems affect the functionality of the application in a regular use, while other problems (cosmetic problems) mean errors involving small obstacles in the interface, which does not affect the regular use of the application.
Then, the way to interpret the results of Table 2 goes as follows. Take, for example, "WhatsApp Messenger" row and Heuristic "A" (i.e., visibility of system status and losability/findability of the mobile device) column, presenting 0.08 as a result (computed as the mean value from provided evaluations of the experts). As, here, lower is better; this value implies a quite positive result, nearly a 0 (i.e., indication of no problem detected). As another example, take "Touch" row (6th row) and Heuristic "G" (aesthetic, privacy, and social conventions) column presenting, as a result, a value of 3.17. This value implies a rather negative usability result, a little more than 3 (i.e., indication of a major problem).
There follows a review of the heuristics and the usability issues, based on the results that were obtained in our evaluation. It is worthwhile to remark that the G and C heuristics got the worst usability assessments, mainly because of a poor UI design and security issues. In view of the results and the reports given by the experts, we propose some recommendations to cope with the usability problems that were found throughout the evaluation.
Heuristic A: Visibility of System Status and Losability/Findability of the Mobile Device.
The results present few scenarios (only in 2 of the apps) where the status bar was not visible (Figures 6 and 7 ) and, additionally, where the app did not provide recovery methods in case of phone loss and using the app in another device.
Heuristic B: Match between System and the Real World.
We found issues in which information and objects in the UI were not displayed clearly or in a natural order, such as clipped text elements (Figures 8(a) and 9 ).
Heuristic C: Consistency and Mapping. The results determined that this was the second worst heuristic, mainly because in some apps some objects were not expected on the interface (Figures 6(c), 8(b) , and 10(b)) and because of some difficulties in performing the requested primary tasks, defined in early steps (Figures 10(a) and 10(b) ).
Heuristic D: Good Ergonomics and Minimalist Design.
Highly related to B heuristic, in this one the experts were asked for clean-design windows and lack of irrelevant information. The results exposed issues with clipped text elements due to (half) translation problems (if the app is not used in English) (Figure 8(c) ).
Heuristic E: Ease of Input, Screen Readability, and Glancability.
The results showed that this was the second best rated because of an ease on entering numbers, an inclusion of a back button on the screens and (mainly) the ease on navigation through the screens.
Heuristic F: Flexibility, Efficiency of Use, and Personalization.
With low values in the results (that is, good usability), we found issues related to a lack of personalization functionalities on some apps.
Heuristic G: Aesthetic, Privacy, and Social Conventions.
The results showed that this was the worst heuristic on these apps. Indeed, this is the one that got the worst score, because of the (generally) bad interface designs ( Figures 9, 10(a) , 11, and 12). Also, a lack of privacy and information security of the user in almost all apps was reported (i.e., an in-app section where the system will tell the user about privacy policies applied to personal data and what security methods are applied to ensure message encryption over unsecure channels). The authors would like to point out that, for example, in later versions of WhatsApp (compared with the version discussed here) the issue of security and privacy has been reduced due to the implementation of a visual message in each chat indicating that the application uses end-to-end encryption. This shows, as will be discussed later in the Discussion, that applications vary over time so the focus should be applied on problems in a generic way.
Heuristic H: Realistic Error Management. We would like to highlight that this heuristic got the best results, because of the ease on editing incorrect inputs and, also, ease on recovering from errors (when found, because not much errors were found).
It is important to underline that, based on the above results and previous steps, the reviews given by users (also known as rating) are slightly related to the conclusions Mobile Information Systems On the other hand, Touch and Hike Messenger, both with 0/5-star rating (i.e., nonrated), were the worst apps in the MHE study. Additionally, Surespot, with 0/5-star rating (i.e., nonrated), had a bad result (although it was not the worst) probably because, to our best knowledge, it is not a well-known app. In turn, WhatsApp Messenger, the app with the best result in MHE, had 3.5/5-star rating, which may be because it is a very popular app.
Therefore, in conclusion, it could be observed that it may cause a weak correlation between the issues detected in KLM and MHE analyses and the rating given by users in the market.
Finally, it is worth mentioning that a low number of interactions (i.e., KLM results) does not necessarily imply that the application has not usability problems. For example, Hike Messenger had 24 interactions and was the second best app on KLM results while, according to the MHE results, it was the worst app. Furthermore, this implies that both evaluations should be performed in order to categorize an application and address its usability.
Discussion
It is interesting to highlight that the need to use heuristics adapted to mobile devices derives from the fact that traditional methods are not intended to be used for touchscreen technology, since they were created for web and desktop applications [46] [47] [48] [49] [50] [51] . Thus, they present features that are quite different from mobile devices, as we saw on previous sections. In consequence, this method is able to analyze the key factors of usability, factors discussed under the majority of usability studies: efficiency, effectiveness, and satisfaction [50, 52] .
Specifically, this study was performed as a "laboratory evaluation," a very common technique [51] which is widely applied (47% alone, and 10% in combination with field studies) [52] and, in addition, it is three times less cost consuming than field evaluations [53] . The downside of laboratory evaluations is its lack of context (in terms of real usage and environmental influences) [53, 54] , only present in nearly 11% of the studies [52] .
In this paper, we set out to address the usability issues of IM apps. Measuring and, hence, improving the usability of IM applications is indeed very important due to the high competition among applications and the very low switch-cost [10, 55] . Attracting users is not a difficult task but encouraging these users to continue using the application is, therefore, really complicated.
In consequence, several studies (2005 [56] , 2008 [57] , and 2012 [58] ) have created IM prototypes for mobile devices. Their usability tests noted problems related to the Nielsen heuristic "visibility of system status" (quite similar to our heuristic A), with issues characterized by the need of the user to visualize availability indicators (user status) and message transmission indicators (delivery information). The last one [58] pointed out issues associated with a bad UI, but they ensured that this was not a problem as their prototype was not in its final version, even though the problems identified by our study are related to the status bar (in some apps, under some circumstances, the status top-bar was not visible), in any case issues related to user status configuration.
Back in 2013, IM usability evaluation on Android devices was conducted [59] . This analysis was conducted using the Cognitive Walkthrough methodology in a laboratory environment with six evaluators. In the authors' opinion, it was not possible to analyze all existing applications, so they used the "PC Magazine" website, in particular a review of the best Android applications (containing a mixture of all kinds of applications). Out of the five applications shown in the magazine, they chose the three most used apps by the users of the review (WhatsApp, Skype, and GO SMS Pro). As in our study, they chose main tasks to analyze but, unlike our study (tasks that characterize an IM application), they chose as tasks the functionalities/features offered by application vendors, with the clear disadvantage of not covering all possible dimensions of the application. These tasks were chatting, file transfer, contacts (adding, updating, and visualizing), and user status. Accordingly, usability problems detected by this study are inability to select multiple emoticons, lack of confirmation message when a file is sent, and inefficient "search" feature, among others. Besides, both studies match on the problem of button-icons which are similar to different functionalities that lead to user confusion. In overall terms, the usability problems are detected in the chat environment/section. However, if they had chosen other primary tasks, the problems identified could have been others or at least more diverse issues.
At this point, the results and analysis carried out will be discussed. Firstly, we could compare the results obtained with those from two similar studies performed using a similar method: one for spreadsheet apps [31] and another one for diabetes management apps [30] . It should be noted that the study of diabetes management apps [30] was carried on Android, iOS, and BlackBerry, but we will focus only on the results obtained for the iOS platform.
Step 1 (potentially relevant applications) produced 23 spreadsheet apps and 231 diabetes apps and we found 243 IM apps. It would be expected that the number of apps found in the first step had increased because the previous studies were carried out some years ago and the number of apps in the iOS App Store is increasing every year, but surprisingly the apps found in IM apps was quite similar to the diabetes apps. However, too many diabetes apps found in this step were not really diabetes management apps but e-books and, therefore, they were discarded in the next steps. The low number of spreadsheet apps may be because the "spreadsheet" term used is more concrete and less confusing than the others used for diabetes and IM apps.
Step 2 (delete light or old versions) discarded 9 (4,05%) diabetes apps and we discarded 20 (8,97%) IM apps. The analysis for spreadsheet apps does not indicate the number of discarded apps in Step 2. Based on the presented findings, the difference on the number of discarded apps (more than double) maybe because IM apps are more popular than diabetes apps and there are more evaluation versions.
Regarding
Step 3 (identify main functionalities), discussed approaches got 12 (52.17% from Step 1) spreadsheet apps and 8 (3.46%) diabetes apps and we obtained 39 (16.04%) IM apps. This difference can be due, again, to the increasing number of applications in the iOS App Store in the last years but, also, it can be due to the main functionalities chosen, because they are different for each type of application. Specifically, it is important to highlight that 52.17% of spreadsheet apps in Step 1 remained in Step 3, which is a high number compared to the other apps. It can be seen that the "spreadsheet" term is much less confusing and more concrete than the others used for diabetes and IM apps.
It should be highlighted that those five tasks may not cover all possible dimensions of IM apps; therefore, other selections of main tasks could result in completely different results. Thus, we acknowledge this fact as the main limitation of our study.
Nevertheless, results in
Step 4 (identify all secondary functionalities) cannot be compared because each app has different functionalities depending on its objectives. In turn,
Step 5(A) (KLM analysis) revealed that spreadsheets apps had between 19 and 36 interactions in 9 tasks, diabetes apps had between 19 and 38 (except for an application that reached 50 interactions) in 6 tasks, and in our study IM apps had between 21 and 39 interactions in 5 tasks. Therefore, on average, the tasks in spreadsheets apps took between 2.1 and 4 interactions, in diabetes apps they took between 3.16 and 6.33 interactions, and in IM apps they took between 4.2 and 7.8 interactions. To our best knowledge, the differences in this case can be due to the complexity of tasks, which mostly depends on the type of application.
Regarding the MHE (Step 5(B)), the study over spreadsheet applications was not performed. For evaluation of diabetes management apps, the problems identified were between 0 (not a problem) and 2 (minor usability problem). In our study, the problems on IM apps were between 0 (not a problem) and 3 (major problem). In diabetes apps, the main usability issues detected were related to the heuristics G (aesthetic, privacy, and social conventions) and H (realistic error management), and related to IM apps the main usability problems were about heuristics B (match between system and the real world), C (consistency and mapping), and G (aesthetic, privacy, and social conventions). This suggests that issues related to heuristic G are the most common in all kinds of apps; that is, the design usually does not look good and/or there are no suitable provisions for security and privacy.
As previously mentioned, the method carried out has a number of advantages but it also has some disadvantages and limitations: for example, some steps take a long time and can be tedious to perform, there are a large number of elements in the initial stages, and results are time sensitive (due to the almost daily updates). Furthermore, detecting all usability issues in this kind of experiment is not possible because the context of use is not taken into account [27, 44] but, on the contrary, when applying experiments in the laboratory, there is more control over the usability issues detected.
While these results could be a greatly valuable resource, these results may not be fully generalizable because this study was conducted only on the iOS platform. Indeed, different results could be obtained on other platforms, mainly because of other interaction methods. For example, Android devices usually have hard buttons, and BlackBerry devices have a physical keyboard and, in earlier versions, they did not have a touch screen. These differences would probably change both the KLM and MHE results.
As an explanation, the iOS platform was chosen (over the Android platform) to perform this study because, in iOS devices, user interface is quite similar on all models. On the other hand, on the Android platform, there are more variety of user interfaces, perhaps due to the wide variety of available brands and models.
As aforementioned, this method is time-dependent; that is, the evaluation has been performed on the apps available in the market at a given time (September 2014) and, hence, the emergence of new versions and/or applications could vary the results of this study. In addition, some applications could have been removed from the store; for example, in our study one application was detected in the early stages but disappeared when performing the fourth step.
Conclusion
As highlighted in this paper, the widespread propagation of mobile devices and instant messaging apps has led to addressing their usability issues differently from PC evaluations. To summarize, the methodology aimed at evaluating the usability of mobile apps is based on five steps: (1) identification of potentially relevant apps, (2) discard demos and old versions apps, (3) identification of main functionalities and exclusion of apps not offering all of these functionalities, (4) identification of secondary functionalities, and (5) construction of tasks to test the main functionalities: KeystrokeLevel Modeling (KLM) to estimate time to complete tasks and Mobile Usability Heuristics (MUH) to detect more usability problems with mobile experts.
In this work, we presented a systematic evaluation to determine the main usability issues of instant messaging apps over iOS platform (an iPhone 4 device was operated for this study). In addition, these types of studies contribute as an awareness campaign for interface designers and companies, so they understand that what matters are user-based designs (continuous improvements and tests) to enhance the user experience.
Applying a preliminary research, Instant Messaging applications were characterized as applications that met all of these functionalities: (1) sending a message to a contact, (2) reading and replaying an incoming message, (3) adding a contact, (4) deleting (or blocking) a contact, and (5) deleting chats. Only 39 applications, retrieved from the App Store, met these features.
With our results of the KLM method, we were able to confirm that the functionalities of sending a message, replying to a message, and adding contacts were usually faster to complete. On the other hand, the functionalities of deleting a contact and deleting a chat became, usually, a serious problem in many apps because there were no clear indications of how to complete them.
Regarding the Mobile Heuristic Evaluation, a group of mobile experts were called for analyzing the low-score apps from KLM step. This evaluation consists of validating a series of usability directives (i.e., the heuristics) with a set of indicators per directive. In agreement with the results, almost all applications had usability problems in performing the primary functionalities, misplaced objects were detected on several interface screens, structuring content problems, similar buttons/icons with different functions, and deficient interface design, or did not provide enough information about safety and privacy, among other problems.
When comparing the results of both methods it is important to highlight that applications that have obtained high values in the Heuristic Evaluation (i.e., a bad result) did it well in the KLM, which suggests that it is necessary to perform both the KLM and Heuristic Evaluation because if the results were based only in KLM the applications chosen would be applications with many usability problems.
At this point, after finishing the study, we can propose some recommendations to improve the usability of instant messaging apps in mobile devices. All the proposed usability guidelines are a valuable resource for mobile app developers because they will improve the usability of their IM apps in mobile devices, thus achieving more downloads and users using their apps. Thus, the proposed recommendations are as follows:
(i) Avoid Deep Navigation. The app should require few interactions or, at least, not deep navigation between windows to complete a task. As seen on the best apps, each task should not exceed more than 5 or 6 interactions. In addition, experts interviewed acknowledged that with more than 8 interactions they found it difficult to follow, in a smooth way, the flow of events of a certain task.
(ii) Keyboard Displayed Automatically at New Chats. To reinforce this, when starting a new chat, the automatic display of the keyboard when the user accesses the chat screen is seen as highly positive. To ensure success, this procedure is more comfortable for the user and avoids interactions given that the chat remains empty of messages.
(iii) Task Similarity When Sending and Replying to Messages.
For learnability purposes, sending a new message should not require more than double of interactions than replying to a message and vice versa. The aim is to make both tasks as similar as possible.
(iv) Adding a Contact Only with the ID. Specifying the ID of a contact (in the form of username, phone number, or email) should be enough for adding a contact. Other options (extra data such as name, last name, and location) should be optional and could be added, if any, afterwards.
(v) Account Recovery. As far as possible, the app should provide methods to restore the account if the user loses the device or migrates to another device. At least, users could recover their contacts.
(vi) Visual Distinction between Individual and Group Chats.
Experts pointed out that it should be necessary to make a visual distinction between individual and group chats, for example, with multiple tabs or with an icon.
(vii) Availability to Use the App Horizontally. Experts pointed out that it was more comfortable (sometimes) to use the application with the phone horizontally located (to write messages more relaxed). Some apps, however, do not provide this functionality and allow only using the app with the device vertically located.
(viii) Security Methods and Information to the User. Since sensitive information travels over insecure channels [60, 61] , privacy policies and security methods should be provided to make the app reliable and trusted. Moreover, given the lack of security knowledge of the users [60] and similar to security icons on mobile web-browsers [62] , information about security and privacy methods used by the app should be provided to the user.
Along with these IM-specific recommendations we propose a list of recommendations that, although they have been defined for its use with IM applications, they can be generalized to any type of mobile application:
(i) Primary Tasks Should Be Intuitive. In order to be agile to achieve and be learnability friendly for the user, primary tasks should be intuitive; otherwise, indications should be provided on how to perform them. These indications, however, are sometimes necessary because some tasks are difficult to perform or even the user could not know that they can be performed. For example, deleting a chat or a contact just by sliding the item (without using/pressing any button) may be hard to perform without preliminary indications.
(ii) Status Top-Bar Always Visible. Try to avoid the use of sliding panels or pop-ups that hide totally the status top-bar (battery, time, and network indicators) while performing a task.
(iii) UI Adapted to Host OS. Given the fact that apps could be seen as a part of the operating system, it is especially relevant that icons have the same meaning as the host system itself, trying to avoid misunderstandings. As seen in [63] , different OS/platforms require different UIs, that is, different approaches when designing the interface.
(iv) Content Adapted to and Limited by the Screen-Size. The content should be adapted and limited by the available space on the screen, which is not too big. As seen in [63, 64] , the same app differs (in usability) depending on its host screensize. Some apps (probably because they were designed in other languages) clip elements, making the content unreadable. As a solution, a recent study [65] shows the different techniques to distribute content on mobile devices.
(v) Interface Centered Design. The design of the application should pay close attention to the interface, even more than the functionality itself. In words of [25] , the UI design should not be done at the end. The app should be tested in every screen rotation (vertically and horizontally) and with different screen sizes to ensure that all elements of the app are properly displayed, the main problems described in [63] .
(vi) Avoid Half-Translations. Try to avoid half-translations (i.e., mixed-language applications) because applications become difficult to use for people who are not fluent in several languages, while the UI changes when differentfrom-original languages are applied, as seen in [63] .
(vii) Testing on Target Devices. Make sure that the application actually works for the target devices before publishing, especially for those paid apps, because users may have a fraudulent sensation after paying for an app that does not work or does not work properly. As seen in [63] , different devices (for example, and iPhone and an iPad) create different environments.
(viii) Do Not Tolerate Unrecoverable Errors. Although it may seem trivial, do not tolerate unrecoverable errors. It may be seen as insignificant recommendation, but some of the tested apps presented critical errors. It is always better closing an error message than an unexpected shutdown of the app.
Thus, in the future, a new analysis will be carried out on other existing mobile platforms (e.g., Android or BlackBerry) to compare results between different platforms. Actually, we are in the process of evaluating the Android platform. Moreover, we would like to develop a mobile instant messaging application meeting the recommendations proposed, which will solve the main usability problems identified in existing applications and test the prototype with users.
